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METHOD FOR ISOLATING AND CULTURING UNCULTURABLE 

MICROORGANISMS 

5 FIELD OF THE INVENTION 

The present invention relates to a method for isolating and cnlturing novel 
"uncultivable" microorganisms. 

BACKGROUND OF THE INVENTION 

10 Cultured microorganisms are the most common source of antibiotics and 

other medicinal agents. However, only a small percentage (less than 1%) of the 
viable bacteria in soil can be cultured on known nutrient media using current 
techniques such as petri dishes (Handeisman et al. 1998; Amann et al. 1995). The 
other 99% of xmcultured/imcxxltivable microorganisms, with their genetic and 

15 biochemical diversity, may emerge as a major source of new natural chemical 
structures that may be useful for humans, for example as drugs. 

The exploration of previously uncultured microorganisms for the discovery 
of new useful natural products is now being carried out in several laboratories. The 
main approach involves genomics techniques such as the approach designated 

20 metagenomics for the analysis of the collective genomes of the microorganisms in 
the soil community. According to this approach, DNA in large segments is cloned 
directly from soil into a culturable host and a sequence-based and functional 
genomic analysis is conducted on it. The intention is the isolation of new signals, 
new secondary metabolites that might have utility for humans, and the 

25 reconstruction of an entire genome of an uncultured organism. 

Molecular microbial ecology represents a recent development in research 
methods. It consists of utilizing techniques of molecular biology to investigate the 
ecology of microorganisms, and offers new tools to facilitate the detection and 
identification of microorganisms in the environment. 
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Molecular microbial ecology allowed the development of tools to address a 
central dogma of microbial ecology: an inability to cultivate more than a small 
proportion (0.1-1%) of the bacteria that can be visualized by direct count 
procedures (Head et al., 1998). Thus, the identification of bacteria by molecular 
5 methods represents an indispensable addition to the traditional methods based on 
the analyses of morphological and physiological characteristics. Among these 
culture-independent new techniques, the technique based on direct sequencing 
seems to be the most effective. It consists in sequencing a specific region of the 
bacteriai chromosome, namely the bacterial 16S rDNA region, and in comparing 
10 this sequence with known sequences stored in data banks. All microorganisms 
possess at least one copy of the genes coding for the ribosomal RNA (rRNA), 
which are indispensable in any cells for the biosynthesis of proteins. Within these 
genes, the 16S rDNA region is principally used for the detennination of the genus 
and the species of bacteria. By using this approach, it could be determined in many 
15 environmental samples the predominance of many different uncultured species. It 
might be feasible that the yet uncultured types of bacteria might be grown under 
laboratory conditions if just the right nutrients are found (Amann et al. 1995; Felske 
etal. 1999). 

Recently, Kaeberlein et al. (2002, and published US Patent Applications 
20 Nos. 2003/0059866 and 2003/0059867) disclosed a new method for isolating and 
growing uncultivable microorganisms in pure culture in a simulated natural 
environment using a diffusion chamber. Microorganisms were separated from 
intertidal marine sediment particles, serially diluted, mixed with warm agar made 
with seawater, and placed in the diffusion chamber. The membranes allowed 
25 exchange of chemicals between the chamber and the environment, but restricted 
movement of cells. After the first membrane was affixed to the base of the chamber, 
the agar with microorganisms was poured in, and the top was sealed with another 
membrane (See Fig. 1, Kaeberlein et al., 2002' and Fig. la, US Patent Application 
Mo. 2003/0059866). The diffusion chamber consists of a stainless steel washer (70 
30 mm o.d., 33 mm i.d., 3 mm in thickness) sandwiched between two 0.03-um pore- 
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size polycarbonate membranes. The membranes were glued to the washer forming 
the inner space filled with test microorganisms in semi-solid agar. The sealed 
chambers were placed on the surface of the sediment collected from the tidal flat 
and kept in a marine aquarium. Colonies of representative marine microorganisms 
5 were isolated in pure culture. These isolates did not grow on artificial media alone 
but formed colonies in the presence of other microorganisms. 

Zengler et al. (2002) disclose a universal method that provides access to the 
immense reservoir of untapped microbial diversity. They utilized a technique that 
combines encapsulation of cells in gel microdroplets (using the OneCell System 

10 technology) for massively parallel microbial cultivation under low nutrient flux 
conditions, followed by flow cytometry to detect microdroplets containing 
microbial microcolonies. 

In summary, most microorganisms in the environment have been overlooked 
as yet due to their resistance to cultivation on artificial media. The cultured 

15 microorganisms represent only a small fraction of natural microbial communities 
and hence the microbial diversity in terms of species richness and species 
abundance is grossly underestimated. Our understanding of microbial diversity is 
not represented by the cultured fraction of the microbial community (Wintzingerode 
etal., 1997). 

20 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method for isolating and 
culturing previously unculturable microorganism. 

In one preferred embodiment of the invention, the sample is collected from 
25 an environmental source and diluted in an appropriate medium after 
counting/estimating the number of microorganisms in the sample. A gelating agent 
is then added such as to entrap one or more microorganisms within a sphere of the 
gelating agent. The spheres containing the entrapped microorganism(s) are then 
coated with a natural or synthetic polymer to form a polymeric membrane. The 
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coated spheres with the entrapped microorganisms are incubated in the original 
environment and, after an appropriate time, are cut and scanned for microorganisms 
colonies. The microorganisms are isolated and subjected one or more times to the 
steps of dilution in an appropriate medium, entrapping in a gelating agent, coating 
5 of the spheres containing the entrapped microorganisms, incubation of the coated 
spheres, cutting the spheres and scanning for microorganisms colonies, until a pure 
clone of said previously unculturable microorganism is obtained. 

The present invention further provides a library of microorganisms obtained 
by the method of the invention, wherein each of the microorganisms was isolated 

10 from a sphere as described. 

The present invention still further provides a method for screening and 
identification of new drugs and other substances of commercial interest in the 
pharmaceutical, chemical, biotechnology and other industries as well as in the 
agriculture, which comprises cultivating a previously unculturable microorganism 

15 or screening a library of previously unculturable microorganisms, and isolating and 
identifying compounds having biological or other activity of interest. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 depicts a schematic drawing of an agar sphere coated with a polymeric 
20 membrane. 

Fig. 2 is a scanning electron microscopy photograph showing an agar sphere 
coated with a polysulfone membrane as obtained in Example 1 hereinafter. 

Fig. 3 is a photograph (xlOOO) of microcolony of an unidentified rod-shaped 
bacterium obtained from soil as described in Example 3 hereinafter. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a method for isolation and culture of 
microorganisms suitable for microorganisms from any environmental source. 
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According to one aspect, the present invention relates to a method for 
isolating and culturing a previously unculturable microorganism, which comprises: 

(i) collecting a sample from an environmental source; 

(ii) counting/estimating the number of microorganisms in 
the sample; 

(iii) diluting the sample in an appropriate medium; 

(iv) adding a gelating agent such as to entrap one or more 
microorganisms within a sphere of the gelating agent; 

(v) coating the spheres containing the entrapped 
microorganism(s) with a natural or synthetic polymer to 
form a polymeric membrane; 

(vi) incubating the coated spheres in the original 
environment for an appropriate time; 

(vii) cutting the spheres and scanning for microorganisms 
colonies; and 

(viii) isolating the microorganisms, and repeating steps (iii) to 
(vii) until a pure clone of said previously unculturable 
microorganism is obtained. 

According to the invention, an environmental sample is collected and the 
number of bacteria is counted/estimated by microscopic observation, namely, all 
cells are counted in a large square: 12 cells (in practice, several squares are counted 
and the numbers averaged). The sample is diluted 1/10 in an appropriate medium, 1 
ml of the broth is transferred to a tube, diluted again to 1/10 2 , 1 ml thereof is 
transferred to another tube, and the dilution steps are repeated until about 1/10 6 , 
when approximately one bacterium will be entrapped in the gelating agent sphere. 
The gelating agent sphere is coated with a polymeric membrane and incubated in 
the environment for weeks to months. At the end of the incubation period, the 
coated sphere is cut, the bacterium is then isolated, cultured in the sphere, and 
subjected to molecular biology techniques. 

The environmental source from which the samples are collected may be any 
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terrestrial, aquatic or marine source such as soil, biofilms, sediments (e.g. coral or 
other marine sediments, aquifer sediments and the like), waste waters and the like. 
The sample is suspended in its natural or other appropriate medium, and is divided, 
for example, into 1-ml tubes, and each divisional sample is then subjected to 

5 counting/estimation of die number of microorganisms by well-known techniques, 
for example by DAPI (4%6-diamidino-2-phenylindole) staining of the cells and 
direct microscopic count of the DAPI-stained cells. 

In the next step, the samples are diluted as necessary in an appropriate 
medium. As used herein, an "appropriate medium" is intended to mean a medium 

10 compatible with the environment from which the sample has been collected with 
respect to physico-chemical parameters such as pH, salinity, temperature, oxygen 
concentration, and the like. The medium may be sterile water, sterile saline, sterile 
water containing suitable ingredients for compatibility with the environmental 
source, and the like. For example, a sample collected from a marine source will 

15 have the salinity corresponding to the marine source and the salt concentration will 
be higher if the sample is originated from the Dead Sea. When the sample is 
collected from soil, the medium may be sterile water. 

The next step consists in the addition of a gelating agent as a matrix to the 
diluted samples. Any suitable natural, semi-synthetic or synthetic gelating agent 

20 may be used such as, but not limited to, agar, alginate, carrageenans, gum Arabic, 
guar gum, traganth gum, xanthan gum, propyleneglycolalginate, and 
mycrocrystailine cellulose. 

In one preferred embodiment, the gelating agent is agar. Preferably, the 
diluted samples are mixed with warm (40-50°C) autoclaved agar (0.7-2%) such as 

25 to entrap preferably one, or more, microorganisms within a sphere of the gelating 
agent. The agar spheres can be obtained by dripping agar droplets into cold mineral 
oil. The sphere size of 0.1 mm or less, up to 5 mm, preferably up to 2-3 mm, in 
diameter, can be determined by the nozzle diameter and dripping rate. 

The gelating agent spheres containing the entrapped microorganism(s) are 

30 then coated with a natural or synthetic polymer such as, but not limited to, a 
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polysulfone, an alginate, an epoxy resin, polyacrylamide, silica gel and the like, 
such as to form a multilayered membrane. Polysulfone resin of average m.w. 35000, 
Na-alginate, and epoxy resin such as Epikote 255 have been disclosed before for 
biomass entrapment for different applications (Ferguson et al., 1989; Blanco et aL, 
5 1999) and can be used according to the invention. 

For coating, the polymer is first dissolved in a suitable solvent, the dried 
gelating agent spheres containing the entrapped microorganism are introduced into 
the polymer solution, and are then transferred into a medium that enables coating of 
the spheres by several layers of the polymer, thus forming the desired spheres 
10 coated by the polymeric membrane. In one embodiment, agar spheres containing 
one or more microorganisms are immersed into a solution of polysulfone in 
dimethylformamide (DMF) and transferred to water in order to obtain the desired 
polymeric coating. The polymeric membrane allows exchange of chemicals 
between the sphere and the environment, but restrict movement of cells. The 
15 polymer can be opaque, but preferably it is transparent such that the colonies inside 
the sphere can be seen. 

The next step consists in the incubation of the polymeric coated gelating 
agent spheres containing one or more microorganisms in the environment from 
which the original sample has been collected, for an appropriate time. This is the 
20 alternative to cultivate such microorganisms that cannot grow in known growth 
media for microorganisms. The incubation in the environment can take from days to 
months. When the sample is collected from a marine source, the incubation may be 
carried out in a container, e.g., aquarium, containing water with the degree of 
salinity of the marine source. When the sample is collected from soil, the incubation 
25 may be carried out in containers, e.g. pots, filled with the same soil material. 

After the incubation, the spheres are cut and placed on a glass slide and 
covered with a coverslip, and the entire volume of agar is scanned for microbial 
colonies at magnification of 400X and 1,000X. The microorganisms are then 
isolated into pure culture by successive re-inoculation of individual colonies into 
30 new spheres followed by incubation in the environment, by repetition of steps (iii) 
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to (vii) as many times as necessary, until a pure clone of the previously unculturable 
microorganism is obtained. 

After incubation in the environment, previously uncultured microorganisms 
can be isolated and then subjected to molecular biology and genomics techniques, 

5 and/or cultured for the production of bioactive materials. Libraries can be construed 
composed of microorganisms, each isolated from a separate sphere, and can be used 
for identification of new biologically active compounds, even without identification 
and characterization of the microorganisms. When the identified biologically active 
compound is a small organic molecule, its structure can be determined by known 

10 methods, it is then synthesized, the biological activity is ascertained and it can then 
be formulated in pharmaceutical or veterinary compositions. 

The method of the present invention allows isolation/identification of new 
types of microorganisms, such as bacteria, previously considered as unculturable, 
and the establishment of libraries of '^cultivable" microorganisms useful for the 

15 drug discovery and biotechnology industries. The method enables exploration of 
new natural products from previously uncultured microorganisms New genes might 
be obtained from the previously uncultivable microbial communities, and new 
biologically active materials such as proteins, enzymes and antibiotics of utility to 
humans may be discovered. 

20 According to the invention, metagenomics techniques can be used to address 

the genetic structure and functional composition of a sample irrespective of whether 
the microorganism can be cultured. Molecular methodologies such as PCR of select 
molecular targets can be used to discover genes with useful properties. Microbial 
communities can be profiled by techniques well known in the art. Cloning and 

25 sequencing of molecular targets such as 16S rDNA enable identification of 
indigenous and novel organisms. 

In one embodiment of the invention, cells or extracts from unculturable 
microorganisms are subjected to analysis by 16S RNA gene sequencing. Ribosomal 
KNA genes from the samples, microcolonies or cultures are amplified by PCR by 

30 using specific 16S RNA oligonucleotide primers for bacteria. After cloning the PCR 
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products, the inserts are screened by their restriction patterns (RFLP - restriction 
fragment length polymorphism). The clones are submitted to sequence analysis and 
compared with known 16S RNA genes using, for example, the online GenBank 
database (hhtp://ncbi.nlm.nih.gov/GenBank). In this way, it can be determined 
5 whether or not the microorganism represents a new species/genus. 

The present invention further provides a method for genomic 
characterization of previously unculturable microorganisms, which comprises: (i) 
collecting a sample from an environmental source; (ii) countmg/estimating the 
number of microorganisms in the sample; (iii) diluting the sample in an appropriate 
10 medium; (iv) adding a gelating agent such as to entrap one or more microorganisms 
within a sphere of the gelating agent; (v) coating the spheres containing the 
entrapped microorganism(s) with a natural or synthetic polymer to form a polymeric 
membrane; (vi) incubating the coated spheres in the original environment for an 
appropriate time; (vii) cutting the spheres and extracting the microorganisms by 
15 chemical lysis using an agent for extraction of genomic DNA; (viii) processing the 
total genomic DNA to establish the restriction fragment length polymorphism 
(RFLP) pattern of the microorganisms; (ix) analyzing the RFLP patterns to identify 
unique clones that are submitted to sequence analysis; and (x) identifying the 
microorganisms by comparison of these sequences with sequences available at the 
20 GenBank database. 

In one preferred embodiment, a method is provided wherein the 
microorganisms are isolated from a marine source, which comprises: (i) collecting 
a sample from a marine source; (ii) counting/estimating the number of 
microorganisms in the sample; (iii) diluting the sample in sterile seawater; (iv) 
25 adding a gelating agent such as to entrap one or more microorganisms within a 
sphere of the gelating agent; (v) coating the spheres containing the entrapped 
microorganism(s) with a natural or synthetic polymer to form a polymeric 
membrane; (vi) incubating the coated spheres in an aquarium containing seawater 
for an appropriate time; (vii) cutting the spheres and extracting the microorganisms 
30 by chemical lysis using an agent for extraction of genomic DNA; (viii) processing 
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the total genomic DNA to establish the restriction fragment length polymorphism 
(RFLP) pattern of the microorganisms; (ix) analyzing the RFLP patterns to identify 
unique clones that are submitted to sequence analysis; and (x) identifying the 
microorganisms by comparison of these sequences with sequences available at the 

5 GenBank database. 

In a preferred embodiment of the present invention, the microorganism is a 
bacterium isolated from a marine source consisting of coral mucus. According to 
this embodiment, extracts from unculturable microorganisms from Red Sea coral 
mucus were amplified by PCR using the specific 16S RNA oligonucleotide primers 

10 for bacteria of SEQ ID NO:l (forward primer, 8F) and SEQ ID NO:2 (reverse 
primer, 1512 R). 

The most abundant sequence (70%) in this Red Sea coral mucus sample 
corresponded to the partial 16S rDNA sequence characterized by the SEQ ID NO: 3 
(1,428 bp), and represent the Bacteria (domain), Proteobacteria (phylum), 

15 Betaproteobacteria (class), Burkholderiales (order), Alcaligenaceae (family), 
Alcaligenes (genus). 

The next most abundant clone (20%) in the Red Sea coral mucus sample 
corresponded to the partial 16S rDNA sequence characterized by the SEQ ID NO:4 
(1,382 bp), and represent the Bacteria (domain), Proteobacteria (phylum), 

20 Alphaproteobacteria (class), Rhodobacteriales (order), Rhodobacteraceae (family), 
Roseobacter (genus) or Ruegeria (genus) or unclassified (genus). 

The less abundant clone (10%) in the Red Sea coral mucus sample 
corresponded to the partial 16S rDNA sequence characterized by the SEQ ID NO: 5 
(1,483 bp), and represent the Bacteria (domain), Proteobacteria (phylum), 

25 Gammaproteobacteria (class), Endobacteriales (order) or Verrucomicrobiales 
(order). 

In another embodiment of the present invention, the microorganism is 
isolated from a soil sample. According to this embodiment, a clone from a library 
constructed from unculturable soil bacteria from the soil of the Halutza region, 
30 Negev, Israel, was amplified by PCR using the specific 16S RNA oligonucleotide 
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primers for bacteria of SEQ ID NO:l (forward primer, 8F) and SEQ ID NO:2 

(reverse primer, 1512 R). 

The most abundant clone in the Halutza soil bacteria corresponded to the 

partial 16S rDNA sequences characterized by the SEQ ID NO: 6 (730 bases, by 
5 direct 8F primer) and SEQ ID NO: 7 (689 bases, by reverse 1512R primer) and 

represent the Proteobacteria (phylum), Betaproteobacteria (class), Burkholderiales 

(order), Alcaligenaceae (family), Alcaligenes (genus). 

The next most abundant clone in this sample of Halutza soil bacteria 

corresponded to the partial 16S rDNA sequences characterized by the SEQ ID NO:8 
10 (651 bases, by direct 8F primer) and SEQ ID NO: 9 (886 bases, by reverse 1512R 

primer) and represent the Proteobacteria (phylum), Gammaproteobacteria (class), 

Pseudomonadales (order), Pseudomonadaceae (family), Pseudomonas (genus). 

In another aspect, the present invention relates to a previously uncultured 

microorganism isolated by the method of the present invention. The microorganism 
15 may be a eukaryote, e.g. a fungus, or a prokaryote, e.g., a bacterium. In a preferred 

embodiment, the microorganism is a bacterium. In most preferred embodiments, the 

bacterium is the bacterium isolated from soil depicted in Fig. 3, or it is a bacterium 

comprising the partial 16S rDNA nucleic acid sequences selected from the group 

consisting of SEQ ID NO:3, SEQ ID NO:4, and SEQ ID NO:5, or the pair of 16S 
20 rDNA sequences consisting of SEQ ID NO:6 and NO:7, or SEQ ID NO:8 and 

NO:9. 

In a further aspect, the present invention relates to a library of previously 
uncultured microorganisms obtained by the method of the invention and to the use 
of said library for the discovery of new biologically active agents including, but not 
25 being limited, to new antibiotics, enzymes, biocatalysts, genes. 

It is further envisaged to construct BAC, cosmid and small insert libraries 
from diverse environmental samples and then subject the libraries to a screening for 
novel genes, proteins and small molecules exhibiting activities of interest. For 
example, 16S rRNA gene clone libraries can be formed from mixed colonies of 
30 microorganisms and screened. 
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The colonies of microorganisms can also be screened for antibiotic activity 
by contacting diluted samples with a strain of interest and studying the influence on 
its growth. Colonies of unculturable microorganisms that produce compounds with 
antibiotic activity will inhibit growth of strains. Said compounds can then be 
5 isolated, purified, analyzed and either synthesized for use as antibiotic or used as a 
model for further drug discovery. 

Libraries of test extracts of the microorganisms can also be tested for activity 
by automated highthrouput biochemical or biological assays using, for example, a 
panel of test microorganisms to test antibiotic activity, or a panel of enzymes or 
10 antibodies to find compounds that affect their activities. 

The invention will now be illustrated by the following non-limiting 
Examples. 

EXAMPLES 

15 

Example 1: Laboratory scale wastewater bioreactor 

An environmental sample was obtained from laboratory scale wastewater 
bioreactor (waste water from Ramat Hovav Toxic Waste Dumping Site, Negev, 
Israel) and estimated for microorganism number by DAPI-staining and microscope 

20 direct counting (10 8 -10 9 cell/mL). The sample was diluted 8- and 9-fold with water 
in order to entrap approximately one microorganism in one agar sphere. 

The diluted samples were mixed with warm (50°C) autoclaved agar (DIFCO) 
(900 \xl agar per 100 jxl diluted sample, final concentration 1.5 % agar). Agar 
spheres of approximately 1-2 mm in diameter containing the entrapped 

25 microorganism(s) were formed by dripping droplets of the mixture into cold 
mineral oil. 

A solution of 10% polysulfone of m.w. ca. 35,000 (Sigma-Aldrich, Product 
No. 42,830-2) in DMF was prepared and used to coat the dried agar spheres 
containing the entrapped microorganism(s). For tins purpose, the agar spheres were 
30 introduced into the polymer solution, and then transferred into water in order to 
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obtain the desired polymeric membrane. Fig. 2 is a photograph of such a coated 
agar sphere. 

The polysulfone-coated agar spheres containing the entrapped 
microorganism(s) were then incubated for 3 weeks in a wastewater bioreactor. At 
5 the end of the incubation, the agar spheres were cut and placed between a glass slide 
and a coverslip, and the entire volume of agar was scanned for microbial colonies at 
magnification of 400X and 1000X. 

In the spheres, we could see development of isolated colonies of bacteria and 
fungi presumably uncultivable, since experiments to grow them in ordinary agar 
10 plates were not successful and no bacterial growth was observed. 

Example 2: Microbial communities inhabiting coral mucus 

Mucus of coral heads from the Red Sea was sampled by collecting ca. 1 ml" 1 
in a sterile disposable 50-ml polypropylene centrifuge tube. Mucus bacteria were 

15 counted directly under phase microscopy. Mucus was diluted by sterile seawater 
and placed on marine agar for culturable colony forming units (CFU). Several 
dilutions (10" 7 , 10~ 6 , 10" 5 and 10" 4 ) were mixed with 2% marine agar in ratio 1 to 1 
and agar spheres were coated with polysulphone and incubated in a seawater 
aquarium containing corals for several weeks. Agar spheres of approximately 1-2 

20 mm in diameter containing the entrapped microorganism(s) were formed by 
dripping droplets of the mixture into cold mineral oil. 

A solution of 10% polysulfone of m.w. ca. 35,000 (Sigma-Aldrich, Product 
No. 42,830-2) in DMF was prepared and used to coat the dried agar spheres 
containing the entrapped microorganism(s). For this purpose, the agar spheres were 

25 introduced into the polymer solution, and then transferred into water in order to 
obtain the desired polymeric membrane. 

The polysulfone-coated agar spheres containing the entrapped 
microorganism(s) were then incubated for 3 weeks in a seawater aquarium 
containing corals. At the end of the incubation, the agar spheres were cut and placed 

30 between a glass slide and a coverslip, and the entire volume of agar was scanned for 
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microbial colonies at magnification of 400X and 1000X. 

In the spheres, we could see development of isolated colonies of bacteria 
presumably uncultivable, since experiments to grow them in ordinary agar plates 
were not successful and no bacterial growth was observed. 
5 Agar spheres including unculturable bacteria were extracted by chemical 

lysis protocol using CTAB solution (hexadecyltrimethylammonium bromide, Sigma 
H-5882) for genomic DNA. The total DNA was amplified with a Mastercycler 
gradient thermocycler (Eppendorf, Westbury, N.Y.) by PCR using specific 16S 
rRNA primers for bacteria [forward primer, 8F (5 ' -GGATCCAGACTTT 

10 GAT(C/T)(A/C)TGGCTCAG ~ SEQ ID NO:l) and reverse primer, 1512R (5' 
GTGAAGCTTA CGG(C/T)TAGCTTGTTACGACTT - SEQ ID NO:2)]. Primers 
used in the PCR amplifications were obtained from Sigma-Genosys. Reaction 
mixtures included a 12.5 jul ReddyMix (PCR Master mix containing 1.5 mM MgCl 2 
and 0.2 mM concentration of each deoxynucleoside triphosphate) (ABgene, Surrey, 

15 UK), a 1 pmol each of the forward and reverse primers, 1 jxl of the sample 
preparation, and water to bring the total volume to 25 (xl. An initial denaturation-hot 
start of 4 min at 95°C was followed by 30 cycles of the following incubation 
pattern: 94°C for 20 sec, 56°C for 20 sec, and 72°C for 105 sec. A final soak at 
72°C for 20 min concluded the reaction. 

20 PCR products were purified by electrophoresis through a 0.8% agarose gel 

(Sigma), stained with ethidium bromide, and visualized on a UV transilluminator. 
The approximately 1,500-bp heterologous ribosomal DNA (rDNA) product was 
excised from the gel, and the DNA was purified from the gel slice by using the 
QIAquick gel extraction kit (Qiagen, Germany). The gel-purified PCR product was 

25 cloned into the pDrive vector by QIAgen PCR cloning kit (Qiagen, Germany) and 
transformed into calcium chloride-competent XL MRP Kcoli cells. Plasmid DNA 
was isolated from individual clones by QIAprep Spin Miniprep kit (Qiagen, 
Germany). 

Aliquots from a subset of the samples of purified plasmid DNA were digested 
30 with 5 U of the restriction enzyme EcdRI for more than 4 h at 37°C, and the 
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digested product was separated by electrophoresis on a 1% agarose gel. After 
staining with ethidium bromide, the bands were visualized on a UV transilluminator 
and the RFLP (restriction fragment length polymorphism) patterns were analyzed to 
select clones containing the appropriately sized insert. Plasmid DNA from these 
5 clones was then digested with the six-base recognition site enzymes SphI, Sail, 
EcdSN, BamHL, HindUl, NotI, Xbal and Xhol (Sigma) under the conditions 
described above. The digest products were then separated by electrophoresis on a 
1% agarose gel, stained with ethidium bromide, and the RFLP patterns were used to 
identify unique clones to be submitted for sequence analysis. 

10 Three additional internal primers were designed for completed sequencing of 

the clones. Sequence reactions were performed on the plasmid templates by using 
an ABI 3700 capillary sequencer. The rDNA sequences were first compared with 
those in the GenBank database with the basic local alignment search tool (BLAST) 
network service through San-Diego Supercomputer Center (SDSC). From the 

15 alignments created by this search, the orientation of each cloned 16S rRNA gene 
could be determined and a rough phylogenetic association was established. Each 
sequence was analyzed using the CHIMERA CHECK program (version 2.7) 
available at the Ribosomal Database Project. 

Clone library constructed from agar spheres (10 colonies) inoculated by mucus, 

20 revealed three different patterns by RFLP by ratio 7 to 2 to 1. Representative DNA 
from each group was partial sequenced by using direct (8F) and reversed (1512R) 
primers. Microorganism identification was based on comparison of these sequences 
with the GenBank database and exhibited high division-level diversity of bacterial 
sequences. 

25 The most abundant clone (70%) is characterized by partial 16S rDNA sequence 

of SEQ ID NO:3 that represents Bacteria (domain), Proteobacteria (phylum), 
Betaproteobacteria (class), Burkholderiales (order), Alcaligenaceae (family), 
Alcaligenes (genus). The next most abundant clone (20%) is characterized by partial 
16S rDNA sequence of SEQ ID NO:4 that represents Bacteria (domain), 

30 Proteobacteria (phylum), Alphaproteobacteria (class), Rhodobacteriales (order), 
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Rhodobacteraceae (family), Roseobacter (genus) or Ruegeria (genus) or unclassified 
(genus). The less abundant clone (10%) in the Red Sea coral mucus sample is 
characterized by partial 16S rDNA sequence of SEQ ID NO:5 that represents Bacteria 
(domain), Proteobacteria (phylum), Gammaproteobacteria (class), Endobacteriales 
5 (order) or Verrucomicrobiales (order). 

Example 3: Microbial communities inhabiting soil 

A sample was collected from the soil of the Halutza region, Negev, Israel, and 
processed as described in Example 2. The medium was sterile tapwater and the 

10 incubation of the polysulfone-coated agar spheres was carried out in pots filled with 
soil material from the Halutza region. A clone library constructed from agar spheres 
(10 colonies) inoculated with the soil bacteria was incubated for 3 weeks, analyzed 
as described above and revealed two different patterns by RFLP by ratio 9 to 1. 
DNA from two clones were partially sequenced by using direct (8F) and reversed 

15 (1512R) primers and microorganism identification was based on comparison of 
these sequences with the GenBank database. 

The most abundant sequence (90%) of this sample of soil bacteria is 
characterized by partial 16S rDNA sequences of SEQ ID NO:9 and SEQ ID NO: 10, 
that represent Proteobacteria (phylum), Betaproteobacteria (class), Burkholderiales 

20 (order), Alcaligenaceae (family), Alcaligenes (genus). The less abundant (10%) 
clone is characterized by partial 16S rDNA sequences of SEQ ID NO:l 1 and SEQ 
ED NO: 12, that represent Proteobacteria (phylum), Gammaproteobacteria (class), 
Pseudomonadales (order), Pseudomonadaceae (family), Pseudomonas (genus). 

Fig. 3 is a photograph (xlOOO) of a microcolony of an unidentified rod- 

25 shaped bacterium obtained in purified form from the Halutza soil. 
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